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This talk will focus on the antenna



• From Kraus’ Antennas: “An antenna is a transition 
device, or transducer, between a guided wave and 
a free-space wave, or vice versa.” 

• As in all antenna design, the name of the game is 
converting electric field oscillations in free space 
into current in a wire with as high efficiency as 
possible. 



Simplest antenna is really just a bare wire, i.e. a dipole antenna



Alternately, drive with an AC voltage source and you generate 
EM waves



Receiving vs. transmitting is completely symmetric. The power 
emitted in EM waves as a function of angle is called the 
antenna’s “beam.” By symmetry it is the same as the current 
induced by an EM wave as a function of its angle of incidence.



• A dipole has a torus beam, limited frequency response, and is sensitive to 
only one polarization. In general, want a tightly focused beam, wide 
bandwidth, and dual polarization. 



• A dipole has a torus beam, limited frequency response, and is sensitive to 
only one polarization. In general, want a tightly focused beam, wide 
bandwidth, and dual polarization. 

• Solution: add a “feed horn” to define beam and play tricks with waveguides to 
couple to coax and keep bandwidth high



Optionally, one can also add an “orthomode 
transducer” (OMT) to split polarization into two.



OMT
transition to horn

horn





“quad ridge” OMT



“quad ridge” OMT
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OMT + transition (cross section)



OMT + transition (cross section)



OMT + transition + feed horn (cross section)



HFSS simulation



HFSS simulation



• Parametrize the transmission and reflection of a 
network by the “scattering matrix” S. 
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• For a two port device: 

(a and b typically have units of power)
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measured power. 
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signal from sky measured power

• Let’s say a1 is the signal coming from the sky and b2 is the 
measured power. 

• The telescope is only receiving, not transmitting, so a2 = 0. 
• b2 = S21 * a1 (S21 is the throughput) 
• b1 = S11 * a1 (S11 is the reflection) 
• In a lossless system, S11 + S21 = 0 

• For passive devices like filters, 0<S21<1. For an amplifier, 
S21>1.  



We want to design a device that has S21~1 and S11~0.
(Maximize throughput, minimize reflections.)



OMT first iteration from Jeff McMahon and Remington 
(with transition yet to be designed)



HFSS model
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“dB” is ubiquitous in the RF engineering world. 

Quotes a ratio of measured power (units Watts) to a 
reference power:
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“dB” is ubiquitous in the RF engineering world. 

Quotes a ratio of measured power (units Watts) to a 
reference power:

Sij

-20 dB -> 0.01 
-10 dB -> 0.1 
 -3 dB -> 0.5 

   -1 dB -> 0.79 
 -0.5 dB -> 0.89 

0 dB -> 1  
+3 dB -> 2 

+10 dB -> 10 
+100 dB -> 100 
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Measured vs. simulated



Include coax dialectric properly in model



Measured vs. simulated



Good that simulations more or less match 
measurements now, but S21 is very low, mostly due to 

loss in the coax. This is a problem.



Loss in coax

where loss = 1 - (S11 + S21) 

Passive devices produce thermal noise: 
TN ~ Tphysical * loss
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This is true even when input power = 0. The source of the noise is thermal 
motions of electrons dissipating power in the not-perfectly-conducting 
waveguide surfaces, and so has the same origin as the resistive loss of the 
system (Johnson-Nyquist noise). 
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Loss in coax

where loss = 1 - (S11 + S21) 

This is true even when input power = 0. The source of the noise is thermal 
motions of electrons dissipating power in the not-perfectly-conducting 
waveguide surfaces, and so has the same origin as the resistive loss of the 
system (Johnson-Nyquist noise). 

A ~20% loss of signal power degrades the ultimate S/N by same amount, which 
we don’t necessarily care too much about. But additive noise of  
300 K * 0.2 = 60 K will degrade S/N by large factor (because we expect sky 
temperature << 60 K at 1 GHz, and LNA noise temperature is ~20 K).

Passive devices produce thermal noise: 
TN ~ Tphysical * loss



Measured loss with VNA

MicroCoax UT-085C-AL-TP-LL (0.085” diam.)

implies significant loss, but S11+S22>1 also implies a 
large measurement systematic



Simulated loss including coax dialectric

MicroCoax UT-085C-AL-TP-LL (0.085” diam.)

1 ft of coax (loss in dB scales linearly with length)



Simulated loss including coax dialectric

checked against data sheet, matches
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Simulated loss including coax dialectric

• ~1 dB of loss of OMT as designed contributes 
~60 K noise temperature 

• Switch to larger diameter coax (UT-250C-ULL)



OMT loss with 0.25” diam. coax

<0.05 dB loss small compared to ~0.3 dB loss 
we expect from coupler + hybrid
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OMT S21 with 0.25” diam. coax
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throughput is >90%



Now need to add transition



OMT was based on a scaled version of the ACTpol OMT 

McMahon et al, 2011



The idea was to design a transition based on a scaled VLA design 
for an octave bandwidth L-band OMT + transition(1-2 GHz ) 

Coutts 
Coutts, 2011



OMT + VLA transition 
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OMT + VLA transition 



Could probably futz around with transition profile enough to 
make work with existing OMT (and I did try a bit), but Jeff and 
I decided just to ditch the original OMT and do a modified 
version of the VLA OMT + VLA transition 

Has advantage of being much more compact (~4” OMT outer 
dimension vs. ~10”) 



VLA OMT + VLA transition (scaled)



VLA OMT + VLA transition (scaled)
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VLA OMT + VLA transition

Modifications: 

- scale by factor 1.43 to move from 1-2 GHz to 0.7 - 1.4 
GHz 

- change ridge thickness to stock thickness (3/4”) 

- increase ridge face width to 0.26” to accommodate 
larger diameter coax 

- eliminate complicated blocks and absorber at back in 
favor of a simple backshort
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Modifications: 

- scale by factor 1.43 to move from 1-2 GHz to 0.7 - 1.4 
GHz 

- change ridge thickness to stock thickness (3/4”) 

- increase ridge face width to 0.26” to accommodate 
larger diameter coax 

- eliminate complicated blocks and absorber at back in 
favor of a simple backshort

VLA OMT + VLA transition

Put backshort 
here and 
minimize x/y 
coax spacing



modified VLA OMT + VLA transition
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modified VLA OMT + VLA transition
S21
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Narrow region of interference from 
higher order mode (TE11) 
propagation owing to lack of 
absorber, which we’ll live with



modified VLA OMT + VLA transition
S21

S21 TE01
S21 TE11
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modified VLA OMT + VLA transition
S21

S21 TE01
S21 TE11

x and y couplings a little different because of 
single backshort but differing coax heights 
(but still good with 0.2” coax spacing, fine for 0.08” 
center conductor OD)
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modified VLA OMT + VLA transition
Had to change ridge spacing. How sensitive is the 

design to this dimension? 



modified VLA OMT + VLA transition
Had to change ridge spacing. How sensitive is the 

design to this dimension? 

S21 TE01
S21 TE11

0.365” 0.375” 0.385”

ridge spacing

-15 dB

(0.7 GHz)
(1.5 GHz)

S 1
1 
(d

B)

-10 dB

-40 dB



modified VLA OMT + VLA transition

Optimal far ridge coax penetration?

0.15”

-15 dB
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I’m nearly done with the drawings to provide to Jeff.  

The design has a mounting surface near the transition aperture, 
so we just need to design a frame to support the horn. This will 
be a simple, four sided pyramidal horn with 46.5” diameter and 
30 deg opening angle.



Pyramidal horn



Pyramidal horn

x-pol

y-pol

Far field beam at 1 GHz coupled to x coax

Latitudinal angle
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Pyramidal horn

Far field beam at 1 GHz coupled to x coax

Latitudinal angle
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beam profile in y direction
beam profile in x direction

different longitudinal angles

different longitudinal angles

beam ~25% elliptical



Pyramidal horn

Far field beam at 1 GHz coupled to x coax

Latitudinal angle

G
ai

n 
(d

B) FWHM ~ 14 deg



Pyramidal horn

Wanted FWHM to be 1/3 the angle the dish subtended as 
viewed from center of horn at 700 MHz. 

14 deg * (1 GHz / 0.7 GHz) * 3 = 60 deg
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Pyramidal horn

Far field beam at 1 GHz coupled to x coax

Latitudinal angle
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-20 dB edge taper, so 
sidelobes will be low



Summary

• Have designed an OMT + transition based on a VLA design  
• Simulations with HFSS of a previous design match measured S21; 

loss was not measured, need better VNA cal 
• New design has >95% throughput  and < 0.05 dB loss over the 

range 0.7 - 1.47 GHz. (The loss will almost surely be greater than 
predicted.) 

• Drawings are nearly complete, will hand over to Jeff in next couple 
days. 

• Coupled to a 46.5” aperture pyramidal horn, beam at 1 GHz has 
FWHM ~14 deg and ~25% ellipticity 

• Need to design support structure for horn to bolt to transition 
mounting surface


